It is known that the majority of primitive hematopoietic progenitors are in a noncycling quiescent state. In addition, normal hematopoietic progenitors and progenitor cell lines show an absolute dependence on growth factors for their survival in vitro, yet the effect of growth factors on progenitor cell survival has not been separated from effects on both proliferation and differentiation. Using an in vitro assay system, we examined whether growth factors could promote the survival of stem cells in culture in the absence of cell division. These studies show that steel factor ELF) and, to a lesser extent, interleukin-3 (IL-3) directly promoted the survival of elutriated bone marrow progenitor cells lcountercurrent centrifugal elutriation [CCEl-27) that are enriched for primitive hematopoietic progenitors that respond to the combination of SLF plus IL-3. Furthermore, SLF promoted I T HAS BEEN SHOWN that approximately 10% of the pluripotent stem cell population is actively cycling during constitutive hematopoiesis and that roughly 90% are quiescent.' In addition, the balance between quiescence and proliferation is tightly regulated. In particular, it has been shown that the cycling status of the dormant stem cell population is altered in mice that are administered a sublethal dose of 5-fluorouracil in vivo (toxic to cycling progenitors), such that the majority of stem cells are in cycle 3 to 5 days after 5-fluorouracil treatment and, that by day 8, stem cells return to homeostatic cycling levels.* Although a number of growth factors have been identified that promote the proliferation of progenitor cells, little is known about the mechanisms, conditions, or factors that regulate the survivalhiability of the dormant/quiescent pluripotential stem cell population. However, it is known that both normal progenitor cells and growth factor-dependent progenitor cell lines show an absolute dependence on growth factors for their survival in vitro,3 yet the effect of growth factors on progenitor cell survival has not been separated from effects on both proliferation and differentiation. For example, several studies have indicated that interleukin-3 (IL-3), granulocyte colony-stimulating factor (G-CSF), IL-6, IL-4, IL-I, and steel factor (SLF) can promote the survival of various progenitor but these studies could not determine whether progenitor survival was a result of cell division leading to progenitor cell expansion andor differentiation. Thus, we developed an in vitro assay system to examine the growth factor requirements for the survival of primitive progenitor cells in the absence of cell division, and we have compared a variety of known hematopoietic growth factors. In this report, we found that SLF and, to a lesser extent, IL-3, promotes the survival of hematopoietic stedprogenitor cells in vitro in the absence of cell division. Institutes of Health, 1985). Mice were maintained in a pathogenfree environment.
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T HAS BEEN SHOWN that approximately 10% of the pluripotent stem cell population is actively cycling during constitutive hematopoiesis and that roughly 90% are quiescent.' In addition, the balance between quiescence and proliferation is tightly regulated. In particular, it has been shown that the cycling status of the dormant stem cell population is altered in mice that are administered a sublethal dose of 5-fluorouracil in vivo (toxic to cycling progenitors), such that the majority of stem cells are in cycle 3 to 5 days after 5-fluorouracil treatment and, that by day 8, stem cells return to homeostatic cycling levels.* Although a number of growth factors have been identified that promote the proliferation of progenitor cells, little is known about the mechanisms, conditions, or factors that regulate the survivalhiability of the dormant/quiescent pluripotential stem cell population. However, it is known that both normal progenitor cells and growth factor-dependent progenitor cell lines show an absolute dependence on growth factors for their survival in vitro,3 yet the effect of growth factors on progenitor cell survival has not been separated from effects on both proliferation and differentiation. For example, several studies have indicated that interleukin-3 (IL-3), granulocyte colony-stimulating factor (G-CSF), IL-6, IL-4, IL-I, and steel factor (SLF) can promote the survival of various progenitor but these studies could not determine whether progenitor survival was a result of cell division leading to progenitor cell expansion andor differentiation. Thus, we developed an in vitro assay system to examine the growth factor requirements for the survival of primitive progenitor cells in the absence of cell division, and we have compared a variety of known hematopoietic growth factors. In this report, we found that SLF and, to a lesser extent, IL-3, promotes the survival of hematopoietic stedprogenitor cells in vitro in the absence of cell division. Institutes of Health, 1985) . Mice were maintained in a pathogenfree environment.
MATERIALS AND METHODS

Mice
Bone marrow (BM) separation. BM cells (BMCs) were aspirated from the femurs of BALB/c mice with complete Iscove's modified Dulbecco's medium (IMDM) medium containing 10% fetal calf serum (FCS) 3 mg/mL glutamine, and antibiotics. Cells were further purified by countercurrent centrifugal elutriation (CCE). Briefly, 0.5 to I X 10' BMCs in 10 to 20 mL complete IMDM was elutriated using a centrifuge (model J-6M; Beckman Instruments, Irvine, CA) with an elutriator rotor (model JE-6B; Beckman) and a standard chamber at a flow rate of 15 mL/min at 3,000 rpms. The flow rate was adjusted to 25 mL/min and cells were recovered from 25 to 27 mLlmin (CCE-27). In some experiments, CCE-27 cells were further purified using magnetic beads by incubating CCE-27 cells with RB6-8C5 (0.5 pg/l X 10" cells) and RB6-6B2 (1.0 pg11 X IO6 cells) antibodies (gifts of R. Coffman, DNAX C o p , Palo Alto, CA), which recognize myeloid and B cells, respectively, in complete IMDM for 30 minutes at 4°C. Cells were washed and then incubated with sheep antirat IgG-coated magnetic beads (Dynal, Great Neck, NY) at a ratio of 40: I (beads:cells) and then incubated for 30 minutes at 4°C. Labeled cells were removed by a magnetic particle concentrator (Dynal) and unlabeled cells (lineage depleted, Lin-) were recovered in the supernatant.
Fluorescence-activated cell sorting (FACS) separation of CCE-27 cells. CCE-27 cells were incubated with biotin labeled anti-c- kit or isotype matched control antibodies (Pharmingen. San Diego. CA) at S00 ngll X IO6 cellsll00 pL of medium for 30 minutes at 4°C. r h e cells were washed in complete IMDM twice. and the cell pellet was resuspended in the same medium at 1 X 10" cells per 1 0 0 pL containing 1 p g of streptavidin-phycoerythrin (SA-PE) and incubated for 30 minutes at 4°C. The cells were washed two times in complete IMDM and resuspended in the same medium to approximately 2 to S X IO'cellslmL for FACS (Becton Dickinson. Mountain View. CA).
Grorcv/t,focrors. Cultures were supplemented with medium plus or minus predetermined optimal doses of purified murine SLF (gift of S. Gillis, Immunex Corp. Seattle. WA), or murine IL-3 (mulL-3). human leukemia inhibitory factor (huL1F). huIL-l I , murine IL-6 (muIL-6) (Peprotech. Rocky Hill. NJ), murine granulocyte-macrophage colony-stimulating factor (muGM-CSF: gift of T. Boone, Amgen Corp. Thousand Oaks. CA), human G-CSF (huG-CSF. gift of L. Souza, Amgen), huIL-l (Hoffman-LaRoche, Nutley. NJ). or human macrophage-CSF (huM-CSF, gift of M. Geier. Cetus Corp).
Soji crgar co/orly-forrnirtg c~srcry. CCE-27 cells were plated at 2.5 X Io" cellslmLl3S mm Lux petri dishes (Miles Laboratories. Inc. Naperville. IL) in complete IMDM containing 0.35% seaplaque agarose (FMC Bioproducts, Rockland, ME). Dishes were incubated in a fully humidified atmosphere at 37°C. 5%-CO2 and then scored for colony formation after 7 to 10 days (colony-forming unit culture, CFU-C). For the survival assays. the soft agar plates were pulsed with 200 pL IMDM containing SLF plus IL-3 (final concentration: IL-3.30 nglmL; SLF, 100 nglmL) and then scored for colony formation 7 to 10 days after the cytokine pulse (summarized in Fig l ) .
Sin,p/e cell ussuy.r. Separated cells were seeded in Terasaki plates, 60 wells per plate (Nunc. Damstrup. Denmark) at a concentration of I cell per well in 20 pL of medium containing purified growth factors. For each determination. a total of 300 cells were examined. Wells were scored for proliferation ( > l 0 cellslwell) after 6 to IO days of incubation at 37°C and S% COz.
-'H-tI~.vmicline. incorporation ctssoys. CCE-27 and Lin-CCE-27 cells were cultured in 96-well microtiter plates in 100 pL of complete IMDM and incubated at 37°C. 5% CO2 for the indicated times. The wells were pulsed with I pCi of "-thymidine (6.7 Ci/mmol. New England Nuclear, Boston. MA) overnight and then harvested for liquid scintillation counting after 28, 48. and 72 hours. Background (medium alone) 'H-thymidine incorporation after 24 hours was consistently higher than after 48 hours or 72 hours because freshly aspirated BM contains cells already in cycle.
BM trcrttsplantcttion erncl nsscrys ,for short-term crtld /ong-ternt Irentatopoieric reconstitrrtiort. CS7BL/6 (Ly S. I ) recipient mice were exposed 10 Gy total body lethal irradition ('"Cesium irradiation) 3 To determine the percentage of lineage-specific cells of host or donor origin, B-lineage cells and granulocytes in the BM were also stained with biotin-conjugated RA3-6B2 (B220) or biotinconjugated RB6-8CS. respectively (Pharmingen) or isotype-matched control antibodies and developed with Neutrolite Avidin-RPE (Southern Biotech Assoc Inc). To determine the percentage of Tlineage cells in the thymus, cells were also stained with biotinconjugated anti-Thy-l (Pharmingen) or isotype-matched control antibodies and developed with Neutrolite avidin-RPE. The level of donor reconstitution for each lineage was averaged plus or minus standard error for each group consisting of at least three to five mice.
RESULTS
The effect qf hematopoietic Rrowtl1.factor.y on the survival of counter current elutriated BM cells. BMCs were separated by CCE at a flow rate of 27 mL/min (CCE-27) to enrich for cells with low-density and blast-like characteristics.' These cells represent 5% to 7% of the total unfractionated BM cell input. This population was also selected because they are enriched in comparison with unseparated BMCs for progenitors, which form large colonies in soft agar in response to SLF plus IL-3, but form fewer colonies in response to single growth factors such as IL-3, M-CSF, GM-CSF, G-CSF, and SLF (5 +-I , 5 2 I , 2 +-I , 2 2 I , and 0 colonies, respectively) ( Cultures were supplemented with medium with or without muSLF (100 ng/mL), mulL-3 (30 ngImL), muGM-CSF (20 ng/mL), huG-CSF (50 nglmL), or huM-CSF (50 nglmL). Plates were scored for colony growth after 7 to 10 days. CFU-G, CFU-GM, and CFU-M were detected in cultures supplemented with G-CSF, IL-3, GM-CSF, or M-CSF. In addition, cultures supplemented with SLF plus IL-3 promoted CFU-Mix (containing granulocytes, macrophages, mast cells, megakaryocytes, or eosinophils). These results were repeated in three separate experiments.
t Unseparated BMC or BMC purified by CCE, recovered at 27 m U min (fraction 27). were plated in soft agar colony assays according to the procedures described in Materials and Methods.
cell) reconstitution in lethally irradiated recipients greater than 4 to 6 months after transplantation (Table 2) . 7 To determine which growth factors promote the survival of progenitor cells in vitro, CCE-27 cells were plated in soft agar assays supplemented with single growth factors and then were cultured for 24,48,72, and 96 hours before stimulation with the combination of SLF plus IL-3 (SLFBL-3) (outlined in Fig 1) . Saturating concentrations of SLF, IL-1, IL-11, or IL-6 alone did not induce colony formation of CCE-27 cells up to 10 days in culture, whereas IL-3, GM-CSF, G-CSF, and M-CSF induced few colonies (Table 1) . Furthermore, SLF plus IL-3 induced 33 ? 4 colonies and this response was not significantly increased by the addition of any of the growth factors examined as a third cytokine. Using this assay, greater than 90% of the CCE-27 progenitor cells that give rise to colonies in soft agar in response to the combination of SLF/IL-3 at the initiation of the culture survived for 24 and 48 hours in the presence of SLF and gradually declined by 96 hours (Fig 2) . These progenitors show an absolute requirement for growth factors, as no progenitor survival was seen in cultures containing medium alone after 24 hours or longer. In comparison, other early acting factors including IL-6, L E , IL-11, and IL-l showed little or no effect on survival even after 24 hours and were comparable with medium controls at 48, 72, and 96 hours (Fig 2) . IL-3 showed a reduced but statistically significant positive effect on CCE-27 cell survival after 24 and 48 hours, and G-CSF had an effect at 24 hours, whereas GM-CSF and M-CSF had no effect on survival (not shown in Fig 2) .
These results could have been affected by the concentration of cytokines because we were pulsing the plates with IL-3/SLF and thereby effectively doubling the concentration of either cytokine. To rule out this possibility, CCE-27 cells were incubated with IL-3 for 48 hours and then were pulsed with SLF alone or SLF/IL-3 or cultures were incubated with SLF for 48 hours and then pulsed with IL-3 alone or SLF/ IL-3 (Table 3) . No significant difference in colony formation was observed in either experiment indicating that increasing the cytokine concentrations above the saturating amounts does not alter the survival results obtained.
The direct effect of hematopoietic growth factors on the survival of hematopoieticprogenitor cells. Because the frequency of SLF plus IL-3 responsive progenitors in the CCE-27 cell population was too low to detect in single cell assays, CCE-27 cells were further purified by FACS using antibodies that recognize c-kit (Fig 3) . In this regard, it has recently been shown that the majority of detectable pluripotential stem cells in the BM are c-kit+ in similarly elutriated BMC pop~lations.~ CCE-27 cells with high side scatter were not sorted because we have determined that they are greater than 90% to 95% mature granulocytes using granulocyte-specific monoclonal antibodies (RB6-8C5') and morphology (data not shown) (Fig 3A) . The cells with low side scatter were sorted for high expression of c-kit antigen (see gate selection on Fig 3C) and were greater than 90% to 95% c-kit+ on reanalysis (Fig 3D) . The FACS profile for the staining of an unrelated isotype-matched control is shown in Fig 3B. In soft agar colony assays, greater than 90% to 95% of the SLF/IL-3-responsive progenitors in the CCE-27 fraction are c-kit+ with little or no colony formation detected in the ckit-fraction (data not shown). Furthermore, the CCE-27 c-kit+ cells are enriched for pluripotential stem cells in comparison with unfractionated CCE-27 cells ( Table 2) . CCE-27 c-kit-cells (up to 5 X lo5 cells per mouse) did not contain radioprotective cells and similar to saline control mice were moribund within 10 to 15 days after irradiation and transplantation (data not shown).
To determine the direct effects of cytokines on survival, c-kit+ CCE-27 cells were plated at 1 cell per 20 pL in Terasaki plates in the presence or absence of SLF, IL-3, G-CSF, or medium alone, and then pulsed with 10 pL of SLFBL-3 after 24 and 48 hours (the final concentration of cytokines t Cell populations were injected into lethally irradiated recipients at the indicated concentrations and monitored for survival for the first 40 to 60 days (STRC). Surviving mice were examined for donor v host reconstitution of granulocytes, B cells, and T cells more than 4 months after transplantation according to the procedures described in Materials and Methods. Mice that were moribund were not applicable.
For was not altered in this assay). Isolated c-kit+ CCE-27 cells proliferated to form small colonies in response to single growth factors such that SLF, IL-3, and G-CSF induced 4, 9, and 8 colonies per 300 single cells, respectively (SLF-or G-CSF-induced colonies contained 50 cells or less) (Table  4 ). In comparison, the combination of SLF/IL-3-induced 33 colonies/300 single cells seeded and cells plated in medium alone showed no growth. Combining the results of four separate experiments, between 80% and 90% of the single cells that could proliferate in response to SLFAL-3 at the initiation of the culture survived in the presence of SLF for 24 hours, and 60% to 75% survived after 48 hours. IL-3 also directly promoted the survival of isolated c-kit+ CCE-27 cells, but to a lesser extent than SLF after 24 and 48 hours, and G-CSF directly promoted survival after 24 hours, but not at 48 hours and little or no survival was observed in cultures containing medium alone (Table 4) . Thus, SLF and, to a lesser extent IL-3 and G-CSF, directly promote the survival of CCE-27 c-kit+ progenitors that respond to the combination of SLF/IL-3. However, at this point, the effect of cytokines on proliferation and survival have not been separated.
The effect of mitotic inhibitors on SLF-and IL-3-mediated survival o f hematopoietic progenitors. Although no visible colony formation was observed in soft agar colony assays and little or no proliferation was observed in Terasaki wells in response to SLF alone, it was possible that some proliferation had occured and thus, it was not possible to separate the effects of growth factors on proliferation from cell survival. In this regard, proliferation assays showed that SLF promoted low, but statistically significant "-thymidine incorporation of CCE-27 cells, whereas medium, IL-6, LIF, and IL-l had no effect (Fig 4A) . Because insufficient numbers of c-kit+ CCE-27 were obtained by FACS separation for 'H-thymidine incorporation assays, CCE-27 cells were further purified by removing B220' B cells and RB6-8C5' myeloid cells (Lin-CCE-27) that was 10% to 20% of initial cell population and also contained greater than 90% of the SLFfiL-3 responding progenitors. Lineage-negative CCE-27 also proliferated significantly in response to SLF (Fig 4B) . Thus, survival of progenitor cells in culture might have been a consequence of cell division.
Therefore, to determine whether cell division was required for survival, the effects of SLF on cell survival were compared in the presence or absence of two mitotic inhibitors, nocodazole (inhibits G2/M transition8) or aphidicolin (blocks in S phase).' CCE-27 BMCs were cultured for 24 or 48 hours in medium plus or minus SLF, IL-3, or G-CSF in the presence or absence of mitotic inhibitors and then washed and replated in soft agar cultures containing SLFAL-3 (Table  5 ). There were 30 t 2 IL-3/SLF-responsive progenitors in 2.5 x lo4 cells at the initiation of the culture. Similar to the results obtained in soft agar assays above (Fig 2) , greater
For personal use only. on October 23, 2017. by guest www.bloodjournal.org From than 90% of the SLF/IL-3 responsive progenitors detected at the initiation of the assay were recovered from CCE-27 cells in liquid cultures in the presence of SLF, of these, S4% were recovered from liquid cultures in SLF plus nocodazole and 71% in SLF plus aphidicolin after 24 hours ( Table 5) .
After 48 hours, 20% to 2S% of the SLF/IL-3 responsive progenitors in the CCE-27 fraction were recovered from liquid cultures containing SLF plus nocodazole or aphidicolin compared with the controls. In comparison, IL-3 showed some effect on survival after 24 hours in the presence of nocodazole or aphidicolin and little or no effect after 48 hours, whereas G-CSF and other early acting factors (data not shown) had no effect.
To show that nocodazole and aphidicolin had inhibited proliferation, CCE-27 cells were cultured with growth factors in the presence or absence of nocodazole or aphidicolin in 'H-thymidine incorporation assays. Both aphidicolin and CC€-27 BMCs were obtained and were further purified by FACS separation as described in Materials and Methods. CC€-27 c-kit' cells were seeded into Terasaki plates at 1 cell per 20 pL and cultured at 37°C. 5% CO2. Cultures were supplemented in medium with or without cytokines as described in (Fig S) . Thus, among the early acting factors, SLF can best promote the survival of progenitor cells in the absence of cell division.
The effect of cytokines on the sundval of short-term and long-term reconstituting cells. To determine whether SLF and IL-3 could promote the survival of STRCs and LTRCs in the CCE-27 cell population, CCE-27 cells were plated in liquid culture in the presence or absence of cytokines or in the presence or absence of nocodazole and then transplanted into irradiated recipients after a 36-hour incubation. SLF promoted the survival of CCE-27 cells with short-term reconstituting activity and long-term reconstituting activity in 14 of 15 mice in experiments no. 1, 2, and 3, whereas no mice survived with cells injected from cultures incubated with medium alone (Table 6 ). Furthermore, SLF also promoted the survival of STRCs and LTRCs in six of IS mice in the presence of nocodazole (Table 6 ). In comparison however, in experiment no. l (Table 6 ), three of five mice survived when injected with cells cultured in IL-3; these cells had greatly reduced LTRC activity (by percentage of donor reconstitution) in comparison with cells cultured in SLF (Table 6). In addition, irradiated recipient mice did not survive when injected with cells cultured in IL-3 in experiment no. 2 and 3. Finally, none of the irradiated recipients survived when injected with cells cultured in IL-3 plus nocodazole or cells cultured in either IL-I or G-CSF (Table 6 ). Therefore, similar to the results obtained above, SLF can promote the survival of both STRCs and LTRCs in the absence of cell division.
DISCUSSION
Of the nine cytokines examined known to effect hematopoietic progenitor cell growth, only SLF and, to a lesser extent, IL-3 can promote the survival of SLF/IL-3 responsive CCE-27 BM progenitors in the absence of cell division. Furthermore, these cytokines. directly promote the survival of the c-kit' subpopulation of CCE-27 cells that contain greater than 95% of the SLF/IL-3 responsive cells in the total CCE-27 cell population and are enriched for pluripotential long-term reconstituting stem cells detected in vivo. In this regard, we show for the first time that SLF promotes the survival of LTRCs in the absence of cell division. However, in the LTRC assay, we used the total CCE-27 cell population, and therefore, although the data suggest that we are affecting the survival of the c-kit+ population, because of the heterogeneity of the stem cell compartment, we cannot state which subpopulation of this compartment survives without further purification. In agreement with these results, previous studies have shown that SLF mediates the survival of primordial germ cells and melanocytes in the absence of proliferation.'".'' In addition, although soluble SLF promoted germ cell survival in these studies, the germ cells showed improved and longer survival on feeder cells that expressed the transmembrane form of SLF. In this regard, although SUSLd mice (which only produce the soluble form of SLF) show impaired development of a variety of stem cells resulting in sterility and lack of pigmentation, they remain viable, suggesting that hematopoiesis can be maintained by soluble SLF, whereas the survival of primordial germ cells and melanoblasts We would like to compare the effects of soluble versus transmembrane SLF on stem cell survival using stromal cell lines that only produce the transmembrane form of SLF; however, the results from such an experiment must be viewed with caution, because survival factors in addition to SLF produced by the stromal cells could contribute to stem cell survival.
Because SLF promotes the survival of a portion of the progenitor cells in our assay in the absence of cell division, further characterization of the survival requirements for stendprogenitor cell populations will include assessing the effects of multiple hematopoietic growth factors and extracellular matrix proteins. In this regard, it is important to note CCE-27 were obtained and directly plated in soft agar assays as described in Materials and Methods or were plated in liquid culture in complete IMDM at 5 X lo5 cells per mL and incubated at 37°C. 5% CO,. The liquid cultures were supplemented with growth factors at the concentrations described in Fig 2 in the presence or absence of 40 ng/mL nocodazole or 250 ng/mL aphidicolin. This predetermined concentration of nocodazole does not significantly effect cell viability compared with controls and completely inhibits colony formation in soft agar assays. Cells were removed from the liquid cultures at the indicated times, washed three times to remove nocodazole or aphidicolin, and then replated in soft agar assays at 2.5 x 10' cells/mL using the initial cell input to plate in the soft agar assays. Colony formation was scored after 7 to 10 days.
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here, that while the other factors examined in our assays did not promote progenitor survival, they could induce CCE-27 cell colony formation in vitro in combination with SLF indicating that the receptors for these growth factors were present on the cells. Thus, this in vitro assay system will allow us to determine the additional requirements needed to promote stem cell survival. Furthermore, Lansdorp et all6 have shown that it is possible to monitor the survival of CD-34+ human progenitors in the absence of cell division using the tracking dye PKH26; thus, we would like to compare our biologic survival data with FACS data using PKH26.
It is known that stem cells and their differentiated progeny can be maintained in vitro on normal stroma and stromal cell lines." Recently, it has been shown that the addition of an antibody that blocks the interaction of c-kit with SLF abrogates hematopoietic development both in vitro and in vivo suggesting that the presence of SLF is essential to maintain hematopoietic de~elopment.'~.'~ Interestingly, stem cell levels were maintained in these cultures, thus the survival of primitive stem cells can also be mediated by factors other than SLF. In this regard, there is some evidence that suggests that the FLT-3 ligand might play a role in the proliferation/ survival of CD-34+ progenitors, and therefore, we would like to examine the effects of KT-3 in our system.*'
In agreement with our results, Katayama et a16 have recently examined the survival requirements of a different BM cell population obtained from mice previously injected three times with 5-FU and found that, of a number of growth CC€-27 cells from donor C571BL6 (Ly 5.2) mice were cultured at 5 x IO5 cells per mL in complete IMDM in the presence or absence of cytokines at the concentrations indicated in Fig 2, and nocodazole was added to some of the cultures at the concentration indicated in Table 5 . After a 36-hour incubation, cells were removed from culture dishes and washed twice and resuspended in 200 @L PES. Cells were injected into recipient mice with each mouse receiving the contents of one well, and recipient mice were analyzed for long-and short-term reconstitution according to the procedures outlined in Materials and Methods.
For personal use only. on October 23, 2017. by guest www.bloodjournal.org From factors tested, both SLF and IL-3 could promote the survival of progenitors that respond to the combination of IL-3 plus IL-6 plus erythropoietin in vitro. In comparison, Leary et a12' have examined the growth factor survival requirements of purified human CD34+ HLA-DR-marrow progenitors that give rise to blast cell colonies (induced in response to IL-3 plus IL-6) and showed that, although none of these progenitors survived the delayed addition of growth factors, both IL-3 and GM-CSF could support their survival, whereas SLF, IL-6, and G-CSF were not effective.2' In contrast, Brandt e t a122 have shown that IL-3, but not SLF, could support the survival of CD34+ HLA-DR+ (more committed progenitors), whereas SLF, but not IL-3, could promote the survival of CD34+ HLA-DR-c-kit' progenitors (more primitive progenitors).22 Although these authors did not rigorously rule out potential indirect effects (using single cell assays) or some effects on progenitor proliferation, both results suggest that SLF a n d o r IL-3 promote stem cell survival, and that the differences in the survival requirements may be a result of stedprogenitor cell heterogeneity."
Therefore, we have initiated experiments to compare the survival requirements of a number of separated andor enriched stedprogenitor cell populations.
